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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a method of 
controlling the operation of a wind- turbine and a wind 
turbine for use in said method of the kind set forth in the 
preamble of claim 1 and 7 respectively. 

BACKGROUND ART 

[0002] In wind turbines of this kind, it is known to con- 
trol the pitch of the blades of the wind turbine in depend- 
ence on measured parameters such as wind speed, 
wind turbulence, i.e. varying wind speed, etc., in order 
to optimize the operation of the wind turbine with respect 
to producing as much energy as possible under the var- 
ying weather and wind conditions, the conventional 
procedure for dimensioning the blades of the wind tur- 
bines has been to dimension the blade to withstand the 
mechanical loads which they are subjected to during 
normal operation, taking necessary safety margins into 
account. At very high wind speeds, the wind turbines 
are normally stopped in order to avoid mechanical over- 
load. During such stop periods, the yaw control is still 
active, keeping the rotor plane perpendicular to the wind 
direction, but the blades are pitched out of the wind and 
rotation is stopped. When the wind speed is again re- 
duced below a certain limit, the wind turbine. is started 
again. 

[0003] From US-4, 339,666 it is known to control. the 
pitch of the blades of a wind turbine in sucH aLway, that 
the safe operation is secured, i.e. controlled to keep 
maximum loads on rotor, gearbox and generator below 
the maximum allowable values. This patent describes 
the use of average wind velocity and turbulence factor 
as the primary controlling parameters. This has the dis- 
advantage, that variations in wind speed over the sur- 
face of the rotor (wind shear) is not taken into account 
[0004] From DE 197 31 918 it is further known to con- 
trol the pitch of the blades of the wind turbine in depend- 
ence of measured mechanical loads on the blades by 
controlling the pitch in such a way that the mechanical 
loads are maintained below certain limits during opera- 
tion. 

[0005] However, none of these documents indicate 
the possibility of using the measured mechanical loads 
to deduce information on the positions of the blade tips 
and using this information to influence the control of the 
wind turbine in order to maintain a certain safety dis- 
tance between the blade and tower. 

DISCLOSURE OF THE INVENTION 

[0006] It is the object of the present invention to pro- 
vide a method of controlling the operation of a wind tur- 
bine and a wind turbine for use in said method of the 
kind referred to above, with which it is possible to per- 



form the controlling of the wind turbine in such a way, 
that a certain safety distance can be maintained be- 
tween the blade tips and the tower, and this object is 
achieved with a method of said kind, which according to 
5 the present invention also comprises the features set 
forth in the characterising clause of claim 1, and with a 
wind turbine of said kind, which according to the present 
invention also comprises the features set forth in the 
characterising clause of claim 7. With this arrangement, 
10 the controlling function in the wind turbine has access 
to the instantaneous mechanical loads on the blades 
and can control the wind turbine in such a way that the 
position of the tips of the blades deduced form the meas- 
ured mechanical loads is taken into consideration for 
15 setting the control parameters, thus making it possible 
to keep a certain safety distance during operation. Due 
to the fact that the controller has access to the measured 
mechanical loads on the blades, the controller can con- 
trol the wind turbine close to the mechanical load limits 
20 of the blades without any risk of exceeding these limits, 
whereby the control can be optimized with respect to 
maximizing the energy output to a higher degree than 
in a situation in which the optimisation is limited by the 
possible, unknown statistical variation of the wind field 
25 during operation, which may be highly dependent on 
weather and wind conditions, and varying from top to 
bottom position of the blades (wind shear). This control 
of the wind turbine close to the mechanical load limits is 
in the following description designated aggressive con- 
30 trol. • ';■ 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] In the following detailed part of the present de- 
35 scription. the invention will be explained in more detail 
with reference to the exemplary embodiment of a wind 
turbine for use in the method in accordance with the in- 
vention shown in the drawings, in which 

40 Figure 1 shows a sketch of a wind turbine compris- 
ing mechanical load sensors mounted to measure 
the mechanical loads on the blades, and 

Figure 2 schematically shows different power 
45 curves for wind turbines controlled in different ways, 

and 

Figure 3 schematically shows the mechanical load 
on the blades as a function of wind velocity corre- 
50 sponding to the different power curves shown in Fig- 
ure 2. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

55 [0008] The wind turbine 1 shown in Figure 1 compris- 
es a rotor 2 with a number of blades mounted for rotation 
about a mainly horizontal axis 3 and driving an electric 
generator 6 all mounted on top of a tower 5. In order to 
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position the plane of the rotor 2 against the wind (yaw 
control), the top rotate around a vertical axis. The wind 
turbine is of the kind, in which the rotation of the rotor 2 
is controlled by individually controlling the pitch of each 
of the blades of the rotor, in dependence on measured 
parameters. A control unit 4 for controlling the pitch of 
the blades and possibly the position of the rotor relative 
to the wind direction and other controlling parameters is 
positioned in a suitable place in the wind turbine 1 to 
receive information on measured parameters such as 
wind speed, wind turbulence, power output from the 
generator 6, wind direction, etc. The control unit 4 is also 
connected to receive measurements from sensors such 
as strain-gauges 7, 8 positioned on the blades of the 
rotor 2, in order to measure mechanical loads on said 
blades by means of the optical-fibre strain-gauge type 
sensors 7 and the drive moments from each blade at 
the root of the blade by means of the optical-fibre strain- 
gauge 8. The wind turbine may comprise further control 
units functioning together with the control unit 4 in a multi 
controller system. 

(0009] When dimensioning the blades in order to 
avoid mechanical overload, essentially two possibilities 
are present, one being dimensioning the blades to be 
more rigid and the other being to control the wind turbine 
less aggressively whereby the bending of the blade will 
be reduced. However, the first possibility will increase 
the price of the construction and the second possibility 
will reduce the amount of energy produced, as illustrat- 
ed in Figure 2 and explained in the following. 
[0010] By measuring the mechanical loads on the 
blades and deducing information on the positions of the 
blade tips and using this information for controlling the 
wind turbine, it is possible to control the wind turbine in 
such a way that a less rigid construction of the blades 
can be used and a relatively aggressive control of the 
wind turbine can be used most of the time, as informa- 
tion is present which indicates when to use less aggres- 
sive control of the wind turbine. Naturally, the individual 
measured loads are used for the individual pitch control 
of each blade. 

[001 1] By means of the measuring of the mechanical 
loads on the blades, the control can deduct the bending 
of the blades and thereby the position of the tips of the 
blades whereby the safety distance between the tower 
and the tips of the blades can be varied as long as the 
character of the instant wind is known. A variation of the 
safety distance can be obtained by using different con- 
trol algorithms. 

[0012] Figure 2 shows a typical power curve A for a 
wind turbine which is controlled to optimize the energy 
production. At low winds, the wind turbine is not produc- 
ing any energy and at a certain minimum wind velocity, 
the energy production is started up, and with increasing 
wind velocity, the energy production is raised until nom- 
inal power, P N , is reached. At higher winds, the wind 
turbine produces energy at the level P N and the pitch of 
the blades is controlled to keep a constant power output. 



At a certain wind velocity (typically 25 m/s), the wind tur- 
bine is stopped as previously described, in order to 
avoid mechanical overload of the blades and other con- 
structional parts of the wind turbine. (The typical limit for 
5 restarting, as previously described, is at wind speed 20 
m/s). 

[0013] Figure 3 shows the typical mechanical load on 
the blades of the rotor, i.e. the bending torque in a di- 
rection perpendicular to the rotor plane, and shows that 

ro the load is increasing with increasing wind speed until 
the point where nominal power is generated whereafter 
the blades are pitched out of the wind and the mechan- 
ical load is reduced correspondingly. If the wind turbine 
is producing energy close to the point where the pitching 

'5 out of the wind is started, gusty wind conditions will pro- 
vide a mechanical load which is higher than the maxi- 
mum of the curve A, as indicated by the dotted line E. 
[0014] The wind turbine may also be provided with 
mechanical load sensors detecting the driving torque of 

20 each blade. The measured driving torque for each indi- 
vidual blade will be the sum of the gravitational torque 
on each blade which is varying with the position of the 
blade during each rotation, i.e. a sinusoidal curve, and 
the wind torque on each blade, which is a function of the 

25 actual wind influencing the blade. The sinusoidal part of 
the torque curve for each blade can be used to calculate 
the angular position of the blade, and the wind depend- 
ent part of the torque on each blade may be used to 
detect error conditions in the wind turbine if the expected 

30 correspondence between wind speed and blade torque 
is not achieved. Such errors may be due to over-icing, 
dirt deposition on the blades, riot correctly functioning 
pitch control, errors in different sensors in the control 
system, etc. 

35 [0015] Statistical information on measured mechani- 
cal loads on the blades may be collected in order to ob- 
tain a basis for evaluating the site on which the wind 
turbine is positioned whereby control functions of the 
wind turbine may be optimized using this information or 

40 the information may be used for planning new wind tur- 
bines. Furthermore, such statistical information can be 
used for planning maintenance work on the wind tur- 
bine. 

[001 6] With the present invention, where the mechan- 
45 ical loads on the blades are measured, the control of the 
energy production of me wind turbine can be chosen, in 
accordance with the instant character of the wind and 
corresponding safety margins for the blades, to a more 
or less aggressive operation, as indicated by the curves 
so B and C in Figure 2. The resulting mechanical loads on 
the blades are as indicated in Figure 2 by the curves B 
and C. Under stable and laminar wind conditions, it is 
possible to obtain a more aggressive control as indicat- 
ed by the curve B, and under less favourable conditions 
55 with turbulence and varying wind velocities, it may be 
necessary to control the wind turbine in accordance with 
a substantially less aggressive curve as indicated by C 
in Figure 2. In this way, the optimisation for a given wind 
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turbine is obtained by the fact that the wind turbine will 
only have to be controlled in a less aggressive way in a 
limited part of the time, whereas it may be possible to 
control it in a more aggressive way most of the time. 
[0017] A further possibility is to let the wind turbine 
produce energy at a reduced energy production at wind 
velocities above the usual maximum velocity V M , as in- 
dicated by the curve D in Figure 2. It is assumed that 
safe and optimized operation in this high-wind range will 
be possible when controlling the pitch of the blades in 
accordance with the measured mechanical loads on the 
blades. 



Claims 

1. Method of controlling' (4) the operations of a wind 
turbine (1) comprising a rotor (2) with a number of 
blades mounted for rotation about a mainly horizon- 
tal axis (3), said method comprising 

a) controlling (4) the pitch of the blades of the 
wind turbine (1) in dependence on measured 
parameters in order to optimize the operation 
of the wind turbine (1 ) with respect to produced 
energy under varying weather and wind condi- 
tions, and 

b) measuring (7,8) mechanical loads on the 
blades, 

characterized by further comprising 
using the measured (7,8) mechanical loads to cal- 
culate the positions of the blade tips and adjusting 
the control (4) of the wind turbine (1) in order to 
maintain a certain safety distance between the 
blades and the tower (5). 

2. Method in accordance with claim 1 , characterized 
by further comprising 

controlling (4) the pitch of the blades of the wind tur- 
bine (1) in such a way that the measured mechan- 
ical loads are maintained below certain limits during 
operation. 

3. Method in accordance with claim 1 or 2, character- 
ized by comprising using the measured (7,8) me- 
chanical loads to deduct information on the charac- 
ter of the wind field and adapting the control (4) of 
the wind turbine (1) in dependence thereof. 

4. Method in accordance with any of the preceding 
claims, characterized by further comprising 
controlling (4) the pitch of the blades of the wind tur r 
bine (1) individually in dependence on the meas- 
ured (7,8) mechanical loads on the blades. 

5. Method in accordance with any of the preceding 
claims, characterized by further comprising 



using the measured (7.8) mechanical loads to en- 
sure safe operation of the wind turbine (1) at re- 
duced energy production at higher winds (D), where 
wind turbines (1) would normally be stopped. 

5 

6. Method in accordance with any of the preceding 
claims, characterized by further comprising 
collecting statistical information on the measured 
(7,8) mechanical loads on the blades. 

w 

7. Wind turbine (1 ) for use in a method in accordance 
with any of the preceding claims, comprising 

a rotor (2) with a number of blades mounted for 
15 rotation about a mainly horizontal axis (3), 

means (4) for controlling the pitch of the blades 
in dependence on measured parameters, 
mechanical load sensors (7,8) mounted to 
measure the mechanical loads on the blades 
20 and connected to influence the means (4) for 

controlling the pitch of the blades, 

characterized by the mechanical load sensors 
(7.8) being connected to a controller (4) comprising 
25 means for calculating the positions of the blade tips 
and influencing the control (4) of the individual blade 
pitch angles in order to maintain a certain safety dis- 
tance between the blades and the tower (5). 

30 8. Wind turbine (1) in accordance with claim 7, char- 
acterized by the controller (4) further comprising 
means for controlling (4) the pitch of the blades of 
the wind turbine (1 ) in such a way that the measured 
mechanical loads are maintained below certain lim- 

35 its during operation. 

9. Wind turbine (1) in accordance with claim 7 or 8, 
characterized by the controller (4) further compris- 
ing means for deducing information on the charac- 
40 ter of the wind field and influencing the control (4). 
of the wind turbine (1) in dependence thereof. 



Patentanspriiche 

45 

1. Verfahren zum Steuern (4) des Betriebs eines 
Windrads (1) mit einen Rotor (2) mit einer Anzahl 
von Blattern, die zur Rotation um eine hauptsach- 
lich horizontale Achse (3) angebracht sind. wobei 
50 das Verfahren aufweist 

a) Steuern (4) der Anstellung der Blatter des 
Windrads (1) in Abhangigkeit von gemessenen 
Parametern, um den Betrieb des Windrads (1) 

55 bezuglich der erzeugten Energie unter veran- 

deriichen Wetter- und Windbedingungen zu op- 
timieren, und 

b) Messen (7,8) der mechanischen Belastun- 
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gen auf die Blatter, 

dadurch gekehnzelchnet, daft es femer aufweist 
Verwenden der gemessenen (7,8) mechanischen 
Belastungen, um die Positionen der Blattspitzen zu 
berechnen, und Einstelien der Steuerung (4) des 
Windrads (1). um einen bestimmten Sicherheitsab- 
stand zwischen den Blattern und dem Mast (5) auf- 
rechtzuerhalten. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dali es ferner das Steuern (4) der Anstel- 
lung der Blatter des Windrads (1) in einer solchen 
Weise aufweist, daft die gemessenen mechani- 
schen Belastungen wahrend des Betriebs unter be- 
stimmten Grenzen gehalten werden. 

3. Verfahren nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, daft es das Verwenden der gemes- 
senen (7,8) mechanischen Belastungen aufweist, 
um Informationen uber die Beschaffenheit des 
Windfeldes abzuleiten und die Steuerung (4) des 
Windrads (1) in Abhangigkeit davon anzupassen. 

4. Verfahren nach einem der vorhergehenden Anspru- 
che, dadurch gekennzelchnet, daft es ferner die 
individuelle Steuerung (4) der Anstellung der Blatter 
des Windrads (1) in Abhangigkeit von den gemes- 
senen (7,8) mechanischen Belastungen auf die 
Blatter aufweist. 

5. Verfahren nach einem der vorhergehenden Anspru- 
che, dadurch gekennzelchnet, daa es ferner das 
Verwenden der gemessenen (7,8) mechanischen 
Belastungen aufweist, um einen sicheren Betrieb 
des Windrads (1 ) bei reduzierter Energieerzeugung 
bei starkeren Winden (D) sicherzustellen, wo Wind- 
rader (1) normalerweise gestoppt werden wurden. 

6. Verfahren nach einem der vorhergehenden Anspru- 
che, dadurch gekennzelchnet, daB es ferner das 
Sammeln statistischer Informationen uber die ge- 
messenen (7,8) mechanischen Belastungen auf die 
Blatter aufweist. 

7. Windrad (1) zur Verwendung in einem Verfahren 
nach einem der vorhergehenden Anspruche. mit 

einem Rotor (2) mit einer Anzahl von Blattern, 
die zur Rotation um eine hauptsachlich hori- 
zontale Achse (3) angebracht sind, 
einer Einrichtung (4) zur Steuerung der Anstel- 
lung der Blatter in Abhangigkeit von gemesse- 
nen Parametern, 

Sensoren (7,8) fur die mechanische Belastung, 
die angebracht sind, um die mechanischen Be- 
lastungen auf die Blatter zu messen. und ange- 
schlossen sind, um die Einrichtung (4) zur 



Steuerung der Anstellung der Blatter zu beein- 
flussen, 

dadurch gekennzelchnet, daa die Sensoren fur 
5 die mechanische Belastung (7,8) mit einer Steuer- 

einrichtung (4) verbunden sind, die eine Einrichtung 
zur Berechnung der Positionen der Blattspitzen und 
zur Beeinflussung der Steuerung (4) der einzelnen 
Blattaristellungswinkel aufweist, um einen be- 
io stimmten Sicherheitsabstand zwischen den Blat- 
tern und dem Mast (5) aufrechtzuerhatten. 

8. Windrad (1) nach Anspruch 7, dadurch gekenn- 
zelchnet, daft die Steuereinrichtung (4) ferner eine 

is Einrichtung aufweist zur Steuerung (4) der Anstel- 
lung der Blatter des Windrads (1) in einer solchen 
Weise, daa die gemessenen mechanischen Bela- 
stungen wahrend des Betriebs unter bestimmten 
Grenzen gehalten werden. 

20 

9. Windrad (1) nach Anspruch 7 oder 8, dadurch ge- 
kennzelchnet, daft die Steuereinrichtung (4) ferner 
eine Einrichtung zur Ableitung einer Information 
uber die Beschaffenheit des Windfeldes und zur Be- 

25 einflussung der Steuerung (4) des Windrades (1) in 
Abhangigkeit davon aufweist. 



Revendl cations 

30 

1 . Procede pour commander (4) les operatoires d'une 
eolienne (1 ) comprenant un rotor (2) avec un certain 
nombre de pales montees pour toumer autour d'un 
axe principalement horizontal (3), ledit procede 
35 comprenant : 

a) la commande (4) du pas des pales de I'eo- 
lienne (1) en fonction de parametres mesures 
afin d'optimiser le fonctionnement de Teolienne 

40 (1) en ce qui concerne Tenergie produite dans 

des conditions variables de temps et de vent, 
et 

b) la mesure (7, 8) des charges mecaniques sur 
les pales, 

45 

caracterise par le fait qu f il comprend de 

plus : 

. Putilisation des charges mecaniques mesurees 
so (7, 8) pour calculer les positions des bouts des 

pales et ajuster la commande (4) de I'eolienne 
(1) afin de maintenir une certaine distance de 
securite entre les pales et la tour (5). 

55 . 2. Procede selon la revendication 1 , caracterise par 
le fait quM comprend de plus : 

la commande (4) du pas des pales de I'eolienne 
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(1) de telle maniere que les charges mecani- 
ques mesurees sont maintenues au-dessous 
de certaines limites au cours du fonctionne- 
ment. 

Procede selon I'une quelconque des revendications 
1 ou 2, caracterise par le fait qu'il comprend : 

I'utilisation des charges mecaniques mesurees 
(7, 8) pour deduire des informations sur le ca- 
ractere du champ de vent et adapter la com- 
mando (4) de I'eolienne (1 ) en fonction de celui- 
ci. 

Procede selon I'une quelconque des revendications 
precedentes, caracterise par le fait qu'il com- 
prend de plus : 

la commande (4) du pas des pales de I'eolienne 
(1) indivlduellement en fonction des charges 
mecaniques mesurees (7, 8) sur les pales. 

Procede selon Tune quelconque des revendications 
pr6cedentes, caracterise par le fait qu'il com- 
prend de plus : 

['utilisation des charges mecaniques mesurees 
(7, 8) pour garantir un fonctionnement sans 
danger de I'eolienne (1) avec une production 
d'energie reduite pour les vents les plus forts 
(D), la ou des eoliennes (1) seraient normale- 
ment arretees. 

Procede selon I'une quelconque des revendications 
precedentes, caracterise par le fait qu'il com- 
prend de plus : 
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ler les positions des bouts des pales et influencer 
la commande (4) des angles d'attaque des pales 
individuelles afin de matntenir une certaine distance 
de securite entre les pales et la tour (5). 

8. £olienne (1) selon la revendication 7, caracterisee 
par le fait que le contrdleur (4) comprend de plus 
des moyens pour commander (4) le pas des pales 
de I'eolienne (1) de telle maniere que les charges 
mecaniques mesurees sont maintenues au-des- 
sous de certaines limites au cours du fonctionne- 
ment. 

9. £olienne (1) selon Tune des revendications 7 ou 8, 
caracterisee par le fait que le contrdleur (4) com- 
prend en outre des moyens pour deduire des infor- 
mations sur le caractere du champ de vent et in- 
fluencer la commande (4) de I'eolienne (1) en fonc- 
tion de celui-ci. 
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35 



le recueil d'informations statistiques sur les 
charges mecaniques mesurees (7, 8) sur les 
pales. 40 

£olienne (1) pour utilisation dans un procede selon 
I'une quelconque des revendications precedentes, 
comprenant : 



un rotor (2) avec un certain nombrede pales 
montees pour tourner autourd'un axe principa- 
lement horizontal (3), 

des moyens (4) pour commander le pas des pa- 
les en fonction de parametres mesures, 
des capteurs de charges mecaniques (7, 8) 
montes pour mesurer les charges mecaniques 
sur les pales et connectes pour influencer les 
moyens (4) pour commander le pas des pales, 

caracterisee par le fait que les capteurs de 
charges mecaniques (7, 8) sont connectes a un 
contrdleur (4) comprenant des moyens pour calcu- 
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